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(54) APPARATUS AND METHOD FOR SIMULATING SEMICONDUCTOR 

(57)Abstracfc 

PROBLEM TO BE SOLVED: To obtain the impurity 
concn. density of a device at high accuracy by 
comparing a measured propagation delay time with a 
calculated value to obtain the lateral concn. distribution 
in an impurity region. 

SOLUTION: A circuit simulator 8 in a data processor 2 
evacuates the circuit simulation, based on data given by 
a net list 1 6 in a memory 3 to calculate the propagation 
delay time Tpd of a ring oscillator and give the Tpd value | 
to a comparator 9 which compares a measured value ? 
given by a Tpd measured value memory 1 7 with the 
calculated Tpd value. If the comparison result from the 
comparator is out of a predetermined error range, a 
lateral impurity concn. changer 10 generates data for 
changing the lateral concn. distribution in a source/drain 
region so that the calculated Tpd agrees with the 
measured value, thus changing this concn. distribution in 
the source/drain region. 
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S#ft^F©T > u zm&r- z> -f u -te X -> 5 

i - vmmvT'U 7>ft&T-9*wtti??>7 : >u 

Xv/^aU— >3>HtTSPt, MffiJMiSnfcl-Vtt 

<v h y x h*ffl^ru >^^u-^©esais^^ 

1ii£fi*ttft»tS3NSi:*«itt.fcc ££1f®£:f 3¥ 

saawwof* > u xmmr- z * 7a * x 5 

I^T I -Vffe«ttfC-VfflfOf/U7ltttf-i'4 

ztitc 1 -vffiA^u^nfc 1 -v«ta#-r*«j:-5ic 

fr£ffi*)2ft3xVWX#14x-2&tf*-;> byxbtfi 
*»fr6©*9 b U X b*Jll/*TIIIKS'5 a U—>3 > 

C-VffitfX/S-rxA^-^tg-^ S P I C E<D0 

^;ai/->3 yT^#e>n?> c - vfflta^-r 5 J: ? 30 

g#^©xVWX«gx-*£»r£7^-bX:^ . 
u>T I - Vttfeitf C - Vfl»of/W7l$ttf-?* 

mat sf >w x->$ai/- 3 >mffflt, mtrnm 

Ztitz I -vfcffliassttfc 1 - v«K3a#l-s 40 

3 «JSlR)±gi5 i: , Suffix^ ^fSaU-J/g >Hf t 95 
*»6m**ns-r/WX«rttr-*&tf*-y b U X btti 
2jWfr 6 v h U X h * JBi^T U > U- * ©£ 

Sftfcc-vtffcX'Wxn^-^tatx s p 1 c 
E«->5ai/->3ytfe 1 n5c-viiicio" 

^THu1Bx^X^iix-2£LT<DpMOS£nMO 50 
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S ovvf ftictjHEKiStf fcS^frfcWWU KM*** 

mo s c»LTWE»ffl«nfcewig^iaj«««*n 

So 

tffl a-r s x- * lt c tufexv w x > ~ a 

U-v-3 yflfrSMC-^Ax !l©f^X->Sal/->3 

;aW ~>3 ^HfToPt-^K., c!C)7 c n-trX>'~ a U— 
->3 yfgfrWtt, SMSnfc^7^-?K»-5«/^Tiffc 

«iiT-**±JS*Slgfc* flJffi-rVWxMifiT-* 
fcg^TT'WXS'SaU— S/gi/fcfroT I -V{B 

nfc i -vtt^a^nfc i -vffltcjs^-r5<t3tcs5 

So 

M*«7] 7 p D-trx^mcSo^^Ty^■tX^=^ 

>3 y*ft^T^nwim®.<Dm&ftJpm<DT>u x 

Ci^^T/WX->5ab->3 ^It^T I -Vfit 

i:> mifBSUi^nfc I -Vtf«gt»«nfe I -Vfiltc® 
£f 5 «fc -5 1 auiafW x ^> 5 a. -> 3 y ©^fe-^ii 
tt'fsoTMh, f&SEHWStifcTWxtfttr-^R 
t>**-y h 'J X h*ffl^TiI«8S/5i U— >3 >Z'ftoX 



(3) 

3 

s-5< sp i cE©0Bv-5ai/— s/ay-efc&nsc 

(Cl-^^Tf/WXi'=aL/->3>'^-3T I — Vfit 10 

& i xs c - v mm<DT>u x&itx- * ^ntu-f ^ ig 
i:, itieem^nfc i -vffl^s>j$nfc i - vttta 

^TSi^fciaffiT^Xv-S U-i/a >HfrS$©£- 

*ff«6» 6 Hi**** XWtf- * Rtf * h U 
7. r^ffl^T BBS'S a U— ->3 ^trot'J 

fc£HBIJEB#mi k^Itf* nfcfiUBIffiSIH fc ©MfcSfg 
tEBIfcH*. S3IBIWl«nfcC-V 
MfcyWy^W-^fctf^ SP I CE ©BBS'S 20 
a >3 yTl#5>n5 C - Vffik tS-^V^Ttuf2-r^ 
■<7M&T-$ t LT© pMOSknMOS OV^-f tUC 

mo s KMLTM^mznrcfflmimmmwzti 

* * 5 it fcOf- * £4$ L^ttBWI«<D 

[0 0 0 1] 30 
[fg9!©JgTS&ffi#S] *3SBtt» WftfSab- 
i/3>SBKHU W*lffIffSMlh5J'S>** (FE 
T) OV-^/KU-f>««»«*»lH-r*«ll*ll* 

[0 0 0 2] 

axuit»o^'&**ai , r**Sk» -fa-^aajfefMi 40 

[0 0 0 3] SufSHiJtcfcS^ffiktT, *#ffi¥2-7 

822 o9ft«icid: % *mwm.<offiimis&v*<r>m 

t?i*m%.<D § ffi t) t s-^vt jii^-r 2. c k k ± 0 itttv 
x * ©ttffic&ttjifr & icttft Lfc«re6iiER»# 

-4 7 8 4 7 WMK*>aXiWt*KB 
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j5'&&ffl&21XT^Z>o SfCv TTwo-d i me n s 
ional Profiling ofdoped 1 
ayers by SR and AFM-JESSD 

erc, • 93, tti. ^mim&^tomouc^-c 

£tf D&ftSl^ (Spreading Resista 
nee prof i 1 ing (SR)) X'W5^ 5 0 n 
m^StS^i&nSilt^ Atomic Force 
Microscopy (AFM)T'lOn mtrF©8? 

[0 0 0 4]-^ KIEV'S a ISByfcli&Jj&t 
LT, 4#Pwl¥6- 1 7 7 15 1 :/a-tXS/ 
SaU— >3>tC*5^T^£D^*«^L, f'UX 
S/5al^S/3:/K±oT*jK#te**fc**#Kffl* 

Bl^^nTlr^. $ fc, rn->*7 * L S I &ffi©m$fj 
(+Mx>7.:7*-7A, 1 9 9 5, P. 3 5 4~)t 

[000 5] 

2-7 8 2 2 0^a©atB*fWI«¥2-4 7 8 4 7f 
^©fiffi-PttHIRKh^V^^* (Tr) *»J«LT 

KfifcHHka*. Sfe, bus2 A F MTii> V-X/K 
MI2S R^AFMT-li, S^;/^ 3 >«#£©<£ 5 

[0 0 0 6] -73, MfBv'SaU-v'3>Kj;5^j4T' 

$ ft, x^x©&SB©&*:£fR]©2t&#*nc^T 

li, S IMS (Secoda ry Ion Mass 
Spec t romemt ry) C i^HSIiS^^StL 

t ^"d -tr x > s a u- -> 3 o c t tt~e t s ^ y 
- h&<tii~p\-#7cimc[H] t>jA€f «t 3 ft*tttoiw«© 

iifi©^^ («teiRi«fi^) f±, t5^©Hilfet*5^ 

x% mm l fc«^iRj«it»** y a -bx -> s a u-v/ 3 

VtSKSWCtBT*^. ffc, 1#H¥6-1 7 
7 1 5 l*&«©S85K:*5l^Tfc» ^o-tXS/Sab- 
->3 >T«Wfil«fi»*KS*%*"r5J:5lcttaoT 

[0 0 0 7] &}b\ fSMSl-7y->*7^©^t 
(Le f f) %mmWE^i65^?£i:LT, ^i- 
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[0 0 0 8] COfSBtt, lEO»itS*, tWAIf* 

*BWk-fa„ 

[0 009] 10 
[^S£&i&-fafci&©#&] *MO*ffr>5ab 

k, «ME7 f /W^«Jft7 , -*C*^TI-VfiMF07 9 
A^7#14x-2£WdBt-£fvW7v'Sab->'3 > 
*f»fc» MISStB^tifc I -V*#*M«ttfc I -V 

> u- * <oe»3»©5iBi* juht a @s§-> $ a u 

[0 0 10] EWcJtfitf, Jltfi2tifc£«jS8§lifHi: 

[00 11] Sft, *^BJ(D^»fr>=il^-i/3>g 

3>*fr«k» lufBx/WX^Jgx-^^So^T I - 
V fltts J: tf C - V «SM)r / W XWSt*- * Soffit 5 

-viwainft i - v miz&st a £ -3 tctui 2^ * 

Snif/VXftttf-diRtf*-; h 'J X HUW»>6 
i^/WX/<7^-^lCicJ< S P I C EOiB*>5a 

u—> 3 v-cs&ns c - v«hc *&-r « £ $ t^Fttft 
wmvWi iRi«s»ff #a fc&©x- 2 

[0012] cncj:ntf, »a«tifefiiKii£«iB* 

fflv^-f tcffOAJf nMO S i: pMO S *&Alctt£|qHRK 50 
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fejgg©gOE#fr*.a;: ££&a 0 
[0 0 13]Sft, *Hi<0^fr>$aU->3>i 

3 y*fr»i:» fuf27W7«i:Ix-*£8-3^T I - 

^x->^ai/— >3 y^fr^^-^^^rff 5 flSrSi 
±35 , HOiBrv ^^Jal^-v-a >*fr»*» 6 fib* 

©* -v h y t. h *m v^t y > -y u- * ©fci&i®6f 

WFSIEH*«*.«KSff M!2»fcbSnfcC 
-V«iX/^7/<7^-*Kl^< S P I CE©[s]S§ 
J/5alr-fa y T*?# 5, na C - V ffi £ fc*t3v^TMB 
x/^7sMii-r-^fcbTOpM0Si:nM0S©l>-r 

nt iwhrb** a o*»**Wf u ft a m o s k 
s^BBJca^-r a =t 5 t^«»««<o«t*iPi3ftft»** 

[0 0 1 4] *»*>S««t*V^Ttt, S P I CE©[e]S§ 

7/ K Vfm<bW&tt<Q££&&f L £>»&©*£ 
JR*fefc&*i:H:IB5fcV\i&fc»!K S P I CE©BS§ 
•>5aU-i'3> , e»6ftSC-Vfl£O^TH:, 
flWltf nMO S t pMO S ©2% 

tea. »ffi*nfc©wswmi*H^*cfcfcu £s 

iEStttS/SaU-S'a >A^RlHli:*ao 

[0 0 15] sft, ima^mmmsssssa.. ^ 

alx— i/3 yltfTgflK:-^*. cOf^KX->$al/— > 

[0016] cntcintf, BBcH6nT«f>*7*/wx 

1cl}T*£^<DT\ St07°a-tX-> = al/—>3 ><0^ 

[0017] ztc, anEst^^«»»ssMWfi, ^ 
ackKffia-raT-**±iSLTcn*iaffi7'D-b^ 
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[0018] cntctnif* mg.o-ftuzxi'-zLis- 

[0 0 19] *WHO*»»S'5 3LU-S/3>*ai4, 
^D-trX^mc*O - V>T^0-t7.v'5 a U-y 3 y%?T 

[00 2 0] $fc, *P8B©i|i»tt$/5 a \s—i/ 3 y# 

*£»r3I*§i:> tufBxVW7.fliigx-£ESoV 
Tf^WX->5al/->3y?tTot I -Vfifc'iO'C 30 

wm^nrz i -vffl^nii^nfc i -vffltca^-rs j: 

r> CWBf*/vrxS/5 aU—>3 y©£fc>-£i£#%fT -5 

, ;7.h^rfflt / >TlelK>'5iU->'3>*f79lSi:^ M 
fB^£nfcC-VffitfX/W7^7*-2EK-3< S 
P I C EO[a]SSi/5ib~v'3>'Tl#?>nSC-Vfflt 

[00 2 1] »»5^-^3^ 

ffitt, ^DtXMCl^^^atX->$al/->3 
Tf/WX->$al/->3>^{ToT I -VffifcitfC 

stti^nfc i -vffltfssaisnfc i -vfflta#-rsj: 
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l^T @?§ y 5 3. U- : ^ 3 > o T U > ft is U— Z © 

yx>w-*ESo*< s p i c e(d®s&>'5.=li<->' 

3 yT'^CnS C - VttfcKS^TSWEx/WXWiS 
LT© pMOStnMOS ©l^fft^ MIB^M 

[00 2 2] 

[0023] mi a, :o»*ifr>^i/->3 

Aftggii:, y=;ib-y3y©fci6©&a©»£ 

2Sf?r 5t-^ sasss 2 1 „ &a©x- * ^iBH-r * 

[0 0 2 4] «HEx-*©lgH2feJ:tflE1ISEli3© 

OD^U-feXi/SaU— >3yHffgi55tt, !BHgB3© 
7°o-trX£ftfBtIgI5 1 1 fcttttSftTVa^D-fexafeft 
*A#U c©7n*X*mcK^T*«»ffi*©ii 

ia5. t*fB7°p-fex£#i:LTli, 09* tf, 

*W&n*. Sfc, t([fBxVWX«iIx-*fc:SoV 
TffimZttT'UH *—*J<0— M*7T^l£. 02© 

^2 i*fti/ry-MHSi 8*^«*n, y-h*ffi 

©y*-y*£jSLTi/^o ffc, 02Cfil^nTl>5^ 
Bltt, OTEy-^/KW>1IWl 9. 2 0tcfc'^^« 

[0 0 2 5] BfifB^a-teX-y^al'-S/ayiifiSESK 

7>i#3gfBtigp 1 2fc«»s*n*. ^lt, :<of/wx 

£ (Ot;U xmm"r~? fix- ^©SSS 2Cf/W7 
y ~ a u—y 3 y^Tgp 6 t-^-K. e>n^<k 9 tc^oTt/- 1 

[0 0 2 6] f'W7->5 aU-ya >HfTW6ti, BU 
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JMSttr-^fcLTtt. ®mf, 0 3kjjVr<k?& I - 
V#S, j£Wi04fcjjVf<fc3fcC-V1#i£ tfr-hi: 

A^7X&#£L-ni, fl«ittfttEH30I -V!$tt* 
<i&fc*©T-F«ffi (Vg) *KWW7X (d 
rain bias) 6*1*. 
[0 0 2 7] Mfg-r/W7>'>~aP-^3y*fTgP6^ 

->ay«filR]±g|J7^A^^4a5„ uiDf;WX->5a 10 

u— > a >mmfa±& 7 esss 3 © i - v nam 
ttsitaJi 4*^5 1 -vssam cmif, v t h (y- 

bBBffi) ^Idsat (KW>«Wt*) ) £A¥ 
nfcx/W^lfttx-^TJBS I -VltttfcOJt«*fT 

i\ ©ajsnfc i - vfii^MfH^sii^nfc i -vffitcji 

£-f 5 i 3 fclflffi-r / W XS' 5 a b— > a yflfr SB 6 © 
£t>#&fr*'{70 ASIc&oT^S. £©££>■£&#£ 
LTli, Wlxlf, f/W7->SaU-: ^3 >^frffi6»C 
£&t£&ftg^7VW^*-*©7^-vx'l'>^\ SP 20 
v = /i E (v : jtfTiSa, E : «W©&£, /i : » 

mm , ±t)BMttt» bp-sw?©^ j. =-q 

(p. nV^-D. Vn) (J. : ft? q- 
fit, D. rW^ftftft) t*»*ft©IWS*ff3ti: 

[0028] msMmztiit i -v#ttMEsaj*nft 
i -vmttm^Lrcm^<Dmmtiittirc i -vffifc 

itfC-Vffifct, g2HSS3©l -V, C-V#14fEte 
SPl SfcfSHteti*. ^LT, I — Vffi&ilfC 30 

2 ©HSSi' Sal/->3 >Hff 8 

2, «EI-V*» C-VffltlSt5<»^S* 

yhUXh (09Atf* 2 N A NDy— F) £ffl#&t?i: 

[0 0 2 9] IsIKv'SiU— ~>3 >HtT^8ti> ME* 

S/5aU-S/g>**frU U >^*'>U-*©fiaBl 40 
gttM (Tpd) *JWJU o©SWLfcTpdffl^x 
-*$ag£|g2©t pdHMtttkffiV9ic4X.«J:5ic 
4oT^5. t pdltfflffittlMP9B\ Ktt«il3©t 

p d^fiijffiisitsi5 1 7^&4A&n5 1 p dnmmt, 
tufBStbtfcTpdfiit^jts-ri.0 "r-^ammmz 

ME»ffi Lfc T p d t p d fgfflfit£ jg£-T 5 <fc 3 V 
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[0 0 3 0] 09*. tf, JtmRtflttl!B8rtlclft£&&: 
^>^§-&tfel>T. MEPiiiLfcT p dffi©;£#MEt p 

[00 3 1] V-*/Y\sJyffl$.VW5faWmi$(0 
[0 0 3 2] ®ME8#lW«1&SSgMS59tt, V- 

£MEfWX^~ab-^3>flfr^6tC-^X.3o f 
#e>ftTl^3xVWXM3£x-*tC#LT^©V-X/ 

[0033] ©MEasftw^tfi^s^i, v- 

C©^D-bX^5^1/-i/3>^TgP5ti, mmztirc 

»©«*fiia»«attx miM©ci*i:<»mLfcTpdffl 
©^tuie t p d niijffick t) ^tv^ «nfc*&ti3 

[0 0 3 4] V-X/F W>il^©«l7?lR)jSJS 

^, f/^7->;ai/->3>iii»ii 

[0 0 3 5] W±WWbfc'J:3K:» C ©^SS©JB^©^ 
Stti/=aP->3Vgitinif, fftiibfcTpdfil 

*fa©iSv^P7 7^;i/^t#i.iii:A^T*t?.o SP^, 

So 
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[00 3 6] £fc, 1Mdfl><D®mZftomf!lCt5^T 

[0037] -7?s mBO<D!m^^m^cts^r 
£ft5*V fo>'$il/->3>'li:IWf/Wxtli 

[0038] mm(o&m2) cvftwomcom. 
±, si tmm(Di&m*%t%mimftfcim-<Dn^ 

[0 0 3 9] £<Dnfa<DBma5^T$>, Mfa<DfcMl 

;UX©^jfJffifc:<i: 5>ft^v^ a b-v 3 >tffrfc>ft, 
C-Vf (WT> COC-VMSlOC-Vlt^ 20 
3) ftWthZtlZo ZLlLT\ d^l^C-Vfflti, n 
M 0 S 7M&T- $ £ t>* p M 0 S -r /W XlfJg 
x- * O^ft WC0V>T#tti £ ft 3 & <D t "f 3o 
[0 0 4 0] ftS&OJglil £gft>K i^Of^ 

(nMOS. pMOS) frf.X/UXA7^-^i 

■7;* — 2£ffll^T SPICE (Simulation 
program withintegrated ci 
rcuit emphasis) ©lelSJv'S b— ~> 3 
yiC^oTC-Vffl (J-iCF, C©C-V<I£3§2©C- 30 

vmt^o) zmr^z, co^zoc-via, ihm • 

3 © C - VfiMBUgfl 2 5 tCtSSW^ ft 3 £ 3 £ft o T 

M0S£pM0S (D^ft^fttO^TtulE^ 1 © C - V 
ffi£|g2<DC-Vffii:£it&U ^©ltiR^S^«l^(p] 
^tlzIS^Mas 1 0 a K#*3c fufB© nMOS fcfe 
tt51±^*i:pM0St^5JtK^mi:^J;D. H 

%^£DM0 S tjoV^ifftfc^tDKM^CTl^O^ 

[00 4 1] 1 0 a n MO 40 

S £*5^TgM#4CT^fttf, ^<0KM<D*t££lS 

nMOSf/W X^jg-r- * © y -7./ K H' >SP£<D 
^iRjigg^o^MWcfeoSaji^f ? c £ left t» , 
p MO S Icfct^TmMtf^CT^fttf, %(Om&<D±%: 
?tfSi:T|S)«JC®BgtHi©©#a^fflt/^T p MO S r 

> u xfliigT- * © v -x/ k w >iwk4>«i# mme 

[0 0 4 2] «±BW§LfcJ:?fc, Cff)IiiDiiT$ 
ftff, TpdSrffll^-fKnMOSirpMOS^ifci^ 50 
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[0 0 4 3] (|QfiO)g|S3) CORWOflfiOll 

i. @i, m5tmmtDmm&Gtzmmfticim- 
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